T he development of acute kidney injury (AKI) during hospitalization (hospital-acquired AKI; HA-AKI) is a widely recognized complication that is associated with a substantially increased risk of mortality in both critically (1) (2) (3) and non-critically (4, 5) ill-hospitalized children. Globally, the impact of AKI on patient outcomes and health-care service utilization is significant in both adult and children populations. Recent data from the Assessment of Worldwide Acute Kidney Injury, Renal Angina, and Epidemiology (AWARE) (6) , a multinational, cross-sectional study, reinforce the importance of monitoring the development of AKI and adequate management in critically ill children, as in the case of adults in the AKI-EPI (Epidemiologic Prospective Investigation) study (7) . AKI is associated with an approximately twofold increase in the risk of 28-day morality and an increase in health-care service utilization (i.e., mechanical ventilation, renal replacement therapy, and length of stay (LOS)) in a pediatric intensive care setting (6) . Further, some patients who do not regain renal function at the time of hospital discharge are at risk of developing chronic kidney disease (CKD) in young adulthood (8, 9) .
AKI is both a community-and hospital-acquired condition. Patients who present to hospitals with reduced urine output (UO) and/or glomerular filtration rate are thought to have community-acquired AKI (CA-AKI). Our understanding of the epidemiology of CA-AKI has been limited by the lack of uniformity in the definition of AKI, and recent reviews suggest that there are etiological and geographical differences in the characteristics of CA-AKI in different regions of the world (10, 11) .
A study examined three recent consensual definitions of AKI according to creatinine-based classifications, i.e., pediatric RIFLE, AKI Network (AKIN), and Kidney Disease Improving Global Outcomes (KDIGO) criteria, and concluded that all have excellent discriminative capability for patient outcome and LOS in hospitalized children (12) . However, the utility of these recent AKI criteria for the diagnosis of CA-AKI in children has not been well studied. AKIN criteria are considered most applicable in a retrospective research using electronic medical records; the AKIN criteria do not require the application of body height or baseline serum creatinine levels that are not routinely determined in general practice (Supplementary Table S1 online). The AKIN criteria are particularly important for children and adolescents in outpatient settings who do not undergo regular blood tests to determine SCr levels. The limitations of using the KDIGO creatinine-based criteria in clinical practice, such as the assumption that patients undergo at least two SCr measurements in a week, thereby leading to the misclassification of patients without AKI, have been described in previous studies (13) .
In order to achieve early identification, proper management, and prevention of mortality associated with AKI in general practice settings, it is imperative to understand the epidemiological features, risk factors, and outcomes in pediatric AKI patients. By using the diagnostic definition of AKI and the AKIN staging system (14), we evaluated the incidence and prevalence of AKI, mortality, and LOS in three AKI groups in a large pediatric cohort in Taiwan: CANA-AKI patients who were not hospitalized, CA-AKI patients who were hospitalized (CAA-AKI), and HA-AKI patients. Further, we evaluated the associations between patient characteristics and the development of AKI in outpatient and inpatient settings.
METHODS

Data Sources and Study Population
Before data collection, the study was approved by the Institutional Review Board and the Ethics Committee of Chang Gung Medical Foundation, Taoyun, Taiwan. The need for obtaining informed patient consent was waived because of the retrospective study design, and data were extracted anonymously without distinguishing identifiers.
We conducted a cross-sectional study using EMRs to assess the epidemiological features and outcomes of AKI in children admitted to Chang Gung Memorial Hospital, Taiwan, between 1 January 2010 and 31 December 2014. The inclusion criterion was that the patients should be 28 days to 18 years old at the time of admission. Exclusion criteria included pre-existing renal replacement therapy (dialysis and renal transplantation) and lack of SCr measurements at the index, baseline, and ≥ 1 follow-up points during hospitalization ( Figure 1) . Baseline creatinine was defined as the most recent creatinine measurement obtained in the 3 months before admission, inclusive of the day of admission.
AKI Definition
AKI cases were categorized according to the AKIN stages 1-3 and were based on the baseline and index SCr measurements ( Table 1) . If the index SCr value at admission increased by 0.3 mg/dl from the baseline within a 48-h period, the AKI episode was categorized as stage 1. For CA-AKI cases, baseline SCr was defined as the most recent measurement of SCr within the 3 months before the index SCr measurement at admission. If more than one measurement was carried out in a day during the baseline period, the earliest value was used. In the case of hospitalized patients with CA-AKI who were transferred from the emergency department or ambulatory settings (CAA-AKI), the baseline, and index SCr values were the same as those for CANA-AKI. The HA-AKI group comprised patients for whom the highest measured SCr values during hospitalization increased ≥ 1.5-fold above the admission value (peak/index SCr ≥ 1.5).
Clinical Characteristics
Demographic data included age at the time of admission and sex as recorded in the EMRs. Clinical characteristics included prior use of drugs that could cause adverse reactions in patients with impaired renal function; pre-existing CKD within 3 months before admission (4); discharge diagnosis along with the International Classification of Diseases, Ninth Revision (ICD-9) code; and laboratory results. Prior use of drugs (Supplementary Table S2 online) included the use of analgesics, antimicrobials, anti-epileptics, antihypertension medication, contrast media, immunosuppressants, digoxin, lipidlowering agents, and other drugs (methocarbamol and mesalazine) (4,15).
Statistical Analyses
The prevalence of AKI in a group of hospitalized patients or outpatients was assessed. In the case of a small group of patients who attended an outpatient clinic several times in a day, only one visit was counted. The incident cases of AKI were analyzed at the patient level. The patients experienced multiple AKI events during the study period, and the earliest AKI event was considered as the incident case of AKI. The primary outcomes of interest were allcause, in-hospital mortality, hospital LOS, and the need for intensive care during hospitalization. Continuous data are presented as the mean (SD) or median (interquartile range (IQR), 25th-75th percentile), and categorical data as numbers and percentages. The means of baseline values were compared using unpaired t-tests or ANOVA tests for continuous variables and χ 2 -tests for categorical variables.
To identify any trends in CA-AKI and HA-AKI, annual prevalence changes in AKI episodes (person-visits or person-admissions) over the study period were examined using the Cochran-Armitage test for binomial outcomes (16) . Comparisons between groups were carried out by using the t-test (or Wilcoxon test) for continuous data or Pearson χ 2 -test (or Fisher's exact test) for categorical data. We used the multivariate logistic regression model to determine the adjusted odds ratio (aOR) and 95% confidence interval (CI) to study the independent association between the occurrence of AKI and baseline characteristics. The disease conditions were identified based on the International Classification of Diseases, Ninth Revision (ICD-9-CM) code for patients, with an AKI event of the outpatient visits and hospital discharges. All analyses were carried out using SAS Enterprise Guide 5.1 version (SAS Institute, Cary, NC). All statistical tests were two-tailed, and the level of significance was P ≤ 0.05.
RESULTS
Prevalence and Incidence by Clinical Settings
Over the 5-year study period, the study cohort included 87,007 patients with a total of 1,014,669 outpatient visits, and 57,879 patients with 102,198 hospital admissions ( Figure 1) . The average prevalence of CANA-AKI was four cases (95% CI, 3.8-4.21) per 1,000 outpatient visits; 17 cases (95% CI, 15.94-18.04) per 1,000 hospital admissions for CAA-AKI; and 9.69 cases (95% CI, 8.92-10.46) per 1,000 hospital admissions for HA-AKI. The annual rate (mean) of admission to hospital in the case of CAA-AKI increased from 13.06 (95% CI, 11.18-14.94) cases per 1,000 admissions in 2010 to 17.62 (95% CI, 15.1-20.14) cases per 1,000 admissions in 2014 (trend test, Po0.001; Figure 2a ). The annual rate (mean) in the case of HA-AKI declined over time, from 10.56 to 7.09 cases per 1,000 admissions (trend test, P = 0.013), and the increase in the annual rate of CANA-AKI was significant (1.95-2.37 cases per 1,000 visits; trend test, Po0.001; Figure 2b ).
The incidence of CANA-AKI was 5.6 cases per 100 outpatient visits (722/12,891), CAA-AKI was 12.1 cases per 100 hospital admissions (945/7,790), and HA-AKI was 13.9 cases per 100 hospital admissions (308/2,209). Among the patients with CANA-AKI, 413 were determined to have AKIN criteria stage 1 (57.2%); 190 (26.32%) to have stage 2, and 119 (16.48%) to have stage 3. Among the hospitalized patients, a greater proportion of HA-AKI patients were determined to have AKIN criteria stage 3 as compared to patients with CAA-AKI (15.91% vs. 6.46%, Po0.0001). Articles | Hsu et al.
Cohort Characteristics
a greater incidence of a history of CKD and prior use of nephrotoxic medications (two or more classes) than did the patients with HA-AKI and without AKI.
Patient Outcomes
The all-cause, in-hospital mortality rate was 1.92% (n = 99) among all hospitalized patients, and 6.15% (n = 77) among patients who developed AKI. The mortality rate was higher among children with AKI than among those without AKI, and it was higher among HA-AKI patients than among CAA-AKI patients (13.64% vs. Meanwhile, the association between age and in-hospital mortality in patients with AKI was 7.36% in children aged o2 years (HA-AKI:CAA-AKI = 4.65:2.71%); the highest mortality rate noted was 9% and was observed among children aged 13 to o18 years (HA-AKI:CAA-AKI = 6:3%). The in-hospital mortality rate was 2.88% in children aged 2 to o6 years (HA-AKI:CAA-AKI = 1.8:1.08%) and 5.02% in children aged 6 to o13 years (HA-AKI:CAA-AKI = 2.7:2.32%). Table 3 shows the association between AKI and patient condition. In an outpatient setting, a prior diagnosis of CKD (aOR, 2.86; 95% CI, 1.94-4.22) and recent hospitalization were associated with CANA-AKI. When compared with patients without prior hospitalization, children with two or more prior hospitalizations (aOR, 1.27; 95% CI, 1.69-3.25) had a higher likelihood of developing CANA-AKI than did those with one prior hospitalization (aOR, 2.08; 95% CI, 1.65-2.62). Likewise, prior CKD and recent hospitalizations were associated with the development of AKI (including CAA-AKI and HA-AKI) during hospitalization. Prior exposure to two or more classes of medications that could be harmful for patients with impaired renal function increased the risk of developing AKI during hospitalization by 45% (aOR, 1.45; 95% CI, 1.18-1.78). Of the 15 groups of diagnoses, malignancies, congenital diseases, injury, and diseases related to the circulatory system were strongly associated with AKI both in outpatient and inpatient settings (aOR42), although the extent of the associations varied slightly by setting.
Conditions Associated with AKI
DISCUSSION
The present pediatric AKI study demonstrates that CA-AKI is prevalent in a practice setting. A substantial proportion of the patients treated in an inpatient setting had CA-AKI. Both CA-and HA-AKI increased the risk of mortality, but the inhospital mortality rate and health-care resource utilization were higher among patients with HA-AKI than among CAA-AKI patients.
The study results are consistent with previous studies. A study examined the incidence of AKI in hospital and community settings using NHS England AKI e-alert algorithm (17) . Overall incidence of AKI was 8.9% (4,550/50,835 adults), 61.1% with HA-AKI, 22.9% with CAA-AKI (CA-AKI admitted to hospital within 7 days), and 16% with CANA-AKI (CA-AKI not admitted within 7 days). Despite the incidence being lower than in adults, a significant burden of CA-AKI and a higher rate of CAA-AKI in our pediatric cohort were consistent in an adult population. Further, our study results suggested that the burden of pediatric AKI shifted from HA-AKI to CA-AKI as the incidence of both CANA-AKI and CAA-AKI steadily increased over time, suggesting that the importance to raise the awareness of AKI may lead to improvements in monitoring and the preventions of patient harms.
The incidence of AKI that has been reported in noncritically ill hospitalized children in general wards was 30% from 2011 to 2012 (4) and 37.3-51.1% among all hospitalized children from 2006 to 2010 (AKIN: 37.3%, KDIGO: 40.3%, and pediatric RIFLE: 51.1%) (12) . The incidence of pediatric AKI determined using the SCr criterion in the present (24.6%) and previous studies (4,12) was higher than that determined among intensive care patients (1.4%, or 14/1,000 admissions) (1) and general hospitalized children (3.9-9.9 cases per 1,000 admissions) (18,19) when discharge Articles | Hsu et al.
diagnosis codes (ICD-9, 584) were used. These findings confirmed a previous adult AKI study result, which suggested that the use of ICD-9 codes in hospital discharges leads to an underestimation of the true incidence of AKI (20) . We have previously shown that for adults the diagnosis code for AKI is specific for severe stage of AKI and is highly associated with poor patient outcome when RIFLE creatinine-based criteria are used (21) . Although the use of the hospital discharge diagnosis provides a good clinical picture in AKI cases, it misclassifies patients who have mild-to-moderate symptoms of AKI. Nonetheless, the previous two studies did not specify whether the AKI patients treated in inpatient was originated in the community (4, 12) . Our analysis goes further by reporting an association between the development of AKI among pediatric patients in the community and underlying diagnoses of hematological-oncological conditions and congenital anomalies. Electrolyte and fluid disorders, renal disease, and sepsis-related conditions were common, and the incidence varied between CANA-AKI and CAA-AKI patients (Supplementary Table S3 online). In our study cohort, it is possible that the patients who were hospitalized had more severe concomitant primary diseases or higher AKI stages. Both the incidence and prevalence of CAA-AKI were higher than that of HA-AKI among hospitalized patients, and CAA-AKI was associated with a higher risk of mortality than not-AKI (3.7% vs. 1.92%); therefore, the recognition of AKI and its risk factors have important implications for CA-AKI care in an outpatient setting.
The study results also confirmed that patients who had severe stages of AKI were younger and had an increased risk of in-hospital mortality and prolonged LOS in an inpatient setting. AKI was largely associated with primary disorders, including congenital-and malignancy-related diseases and liver disease. It is important to note that the association between AKI and the high mortality rate is confounded by primary disorders, cause of hospitalization, and procedures performed and nephrotoxic medication intake during hospitalization (1, 11, (22) (23) (24) .
AKI is often preventable and reversible. Computerized provider order entry intervention (25, 26) , electronic alerts (27, 28) , risk assessment toolkits (29) , and care bundles (30) are being increasingly implemented to facilitate early detection, improve care processes, prevent worsening of patient outcomes, and reduce health-care resource utilization in different settings. For example, identified AKI risk factors can be used to generate predictive models to screen individual patients for AKI in specific settings, such as intensive care unit (ICU) and non-ICU settings (29) . Considering the increase in the incidence of CA-AKI, further studies could be useful in determining the application of risk factors identified in our analysis (patient-related underlying diseases, acute illnesses, and nephrotoxic medicines) in the development of e-alert systems and risk assessment tools for pediatric patients who are at risk for AKI in outpatient settings.
The present study has several limitations. Unlike registries' study allows prospective systematic collection of SCr and UO data (6) , UO data collection is not in routine practice in both inpatient and outpatient settings. UO provides a rapid assessment of kidney function and is often used to guide fluid resuscitation in a critical care setting. The definition of AKI was based on the AKIN criteria, which assess changes in SCr levels alone, and did not include UO measurements or clinical verifications that may lead to underestimation of CA-AKI due to irregular SCr testing. The AWARE study revealed that SCr criterion alone can fail to identify 67.2% AKI patients who met with UO criterion for AKI (6) . Mortality was reported to be higher among patients with stage 3 AKI defined according to UO than among patients with stage 3 AKI defined according to SCr measurements (6) . The results suggested that a UO criterion of 0.3 ml/kg/h for 24 h or anuria for 12 h is a better predictor of advanced AKI than is the SCr criterion; further, it is likely that the incidence of stage 3 HA-AKI was underestimated in the previous and the present study that used the SCr criteria alone.
Because the data were retrieved from a single tertiary-care hospital in Taiwan, the AKI severity and resource use may not be generalizable to other practice settings; however, the association between pediatric AKI and health-care service utilization is consistent with Western populations. In addition, recurrent AKI, long-term mortality, CKD development, and renal function progression were not evaluated in the present study, but should be considered in future research efforts (8, 9) .
Conclusions
The present study emphasizes the need for monitoring SCr values in children in an outpatient setting. A careful 
